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ABSTRACT 
The adsorption treatment of VR by using variable amounts of carbon particles was performed with 

stirring at 60 "C for 1 h. After the treatment, the adsorbent was first washed with n-hexane and then 

thoroughly washed with THF(tetrahydrofuran) under the ultrasonic inadiation to recover the soluble 

fractions of hexane soluble(HS) and hexane insoluble but THF soluble(HI-THFS) from the adsorbent. 

The THF insoluble(THFI) yield increased with the added amount of Ketjen Black(-). The HI but 

THF soluble fraction decreased with the increased amount of THFI fraction. About 3 wt% of KB 
addition based on VR appeared enough for the selective removal of the heavier fraction without 
increasing the HI-THFS fractions. The slow step scan XRD revealed that the untreated KB showed a 

very slight peak around 26". The adsorbed THFI exhibited a broad peak around 26", while the 
relatively sharp peak of the original asphaltene around 26" decreased with the addition of KB, indicating 

selective adsorption of the heavier fraction in the asphaltene. Based on the above results, it is 

suggested that a certain amount of KB addition may selectively separate the heavier fraction, where the 

more polar and metal-containing compounds are concentrated, from the VR. Such an adsorption 

treatment using carbon nanoparticles is expected to remove the catalyst poisons such as the heavier 

asphaltene and metallic compounds prior to the catalytic upgrading hydrotreatments. 

INTRODUCTION 
It is desirable to remove metallic compounds in petroleum residues before catalytic hydrocracking 

and hydrodesulfurization reactions in refineries, because they cause severe catalyst deactivation.13 
They are usually concentrated in the asphaltene fraction which is known to be comprised of 

micellular aggregates.4 The micellular structure is believed to be formed through intermolecular 
aromatic plane stacking, hydrogen bonds, and charge transfer interactions. Such a micelle structure of 
the asphaltene interferes with its conversion into smaller molecules as it promotes the production of 

sludge and coke precursors over the catalyst through retrogressive reactions of dealkylation and 
dehydrogenative condensations, especially under the severe conditions used to achieve high conversions 

via hydrocracking.%* 
The metallic compounds in the asphaltene andor polar fractions are deposited onto the catalyst 

along with a considerable amount of carbon precursors, and deactivate the hydrogenation activity. 

These deposits also enhance dehydrogenation reactions and coke formation in the hydrotreating 

processes. Hence, the decoagulation of the asphaltene fraction is very important for its 

depolymerization so as to allow the demetallation to proceed with minimal carbon deposition. There 
have been many reports on attempted ways to handle the asphaltene, such as extractive removal, 

solvation, and hydr~genation.~ 
In the present study, the aggregate sutucture of a vacuum residue and its fractions is investigated 

by step scan XRD at variable temeperatures with or without solvent, in order to clarify the changes in 
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their micellular structure during the heating or the solvation. In addition, adsorptive concentration of 

the heavy asphaltene fraction from the vacuum residue by using carbon particles is also applied for the 

removal of catalyst poisons in the following catalytic upgrading processes. 

EXPERIMENTAL. 
An Arabian mix crude vacuum residue (VR) was used in the present experiments. VR was 

fractionated by hexane extraction. In the present study, the hexane insoluble(HI) and soluble (HS) 
fractions were defined as asphaltene and maltene, respectively. The HS was further fractionated into 

three components of saturates(Sa), aromatics(Ar), and polars(P0) by a conventinal alumina column 
chromatography. The elemental analyses of the fractions before and after the hexane fractionation are 

summarized in Table 1. Some properties of carbon supports used in the present study are summarized 

in Table 2. 
The adsorption treatment of VR(20 g) by using variable amounts of carbon adsorbent(0 - 4.0 g) was 

performed with stining at 60 "C for 1 h. After the treatment, the adsorbent was first washed with n- 

hexane and then thoroughly washed with THF(tetrahydrofuran) under the ultrasonic irradiation to 

recover the soluble fractions of hexane soluble(HS) and hexane insoluble but THF soluble(HI-THFS) 

from the adsorbent The yield of the THF insoluble residue was calculated based on the weight of the 

dried adsorbent. 

The step scan XRD(a high resolution liquid mode by Rigaku-UXW)) of VR fractions was measured 

at variable temperatures of 30 to 300 "C with or without solvent of by the scan speed of 0.4 sed0.01 

toluene of variable amounts. 

RESULTS AND DISCUSSION 
Composition and Strocton? of VR Fmctions 

The VR was consisted of 7.4 % HI and 92.6 % of HS. the latter of which was further fractionated 

into 16.3 % of Sa, 3 . 2  % of Ar, and 26.1 % of Po. The heteroatom-containing compounds including 

metallic compounds were concentrated in the HI as summarized in Table 1. 

fr The XRD patterns of VR fractions are shown in Figure 1. The original VR showed a broad peak 

around 20 O with a rather sharp shoulder peaks around 22 The HI showed a relatively 

sharp peak around 26 with a slight peak of 20 ', reflecting their larger aromatic rings and their stacking 

aggregate structure. Ar and Sa showed a rather sharp peak around 20 O,  indicating entanglement of 
their longer alkyl chains of variety and polymethylene entangement. The Po fraction showed a similar 

peak around 26 to that of the HI with a higher peak around 20 ', suggesting the similar structure to the 
asphaltene but with a smaller aromatic ring and molecular weight, and longer alkyl chains as reported in 

a previous paper.9 

and 24 ". 

The Effect of the Heating and Solvent on the Aggregate Structure oP the Asphnltene 

Figure 2 shows the XRD patterns of VR during the heating from 30 to 300 "C. The sharp peaks 
around 22 and 24 d i s a p p e d  by the heating to. 100 "C, and the broad peak around 20 ' was shifted to 

the smaller angle direction during the heating up to 300 "C, suggesting that the aliphatic chain 

entanglement may be liberated by the heating. derived from the 

asphaltene fraction also disappeared by the heating up to 200 "C. Figure 3 shows the XRD pattern of 

HI during the heating to 300 "C. The peak around 26 was not changed by the heating to 200 "C, 
while the further heating to 300 "C weakened the peak very much, but it was still survived at a high 

temperature 300 "C in the case of the asphaltene fraction alone. 

The shoulder peak around 26 
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10 to 30 9i addition of toluene to VR decreased the peaks around 22 and 24 O with the broadening 

Of the peak around 20 O. These peaks were almost completely removed by the addition of 50 % toluene. 

On the other hand, the addition of toluene to the HI broadened the whole peak with decreasing 

markedly the peak of 26 O. The larger amount of toluene addition over 75 % appeared necessary for 

the complete removal of the peak around 26 derived from aromatic plane stacking. 

Adsorption Treatment of VR by Carbon Supports 
Figure 4 shows the yields in the adsorption treatment of VR by KE3 at 60 "C. The THF 

insoluble(THFI) yield increased with the added amount of KB, and 2.0 g of KB addition removed 

almost completely the HI fraction from VR as THFI. The HI but THF soluble fraction decreased with 

the increased amount of THFI fraction. 0.6 to 1.0 g of KB addition appeared enough for the selective 

removal of the heavier fraction without increasing the HI-THFS fractions. Figure 5 illustrates the 

XRD profiles of the THFI before and after the adsorption treatment by KB. The untreated KB showed 

a very slight peak around 26". The adsorbed THFI exhibited a broad peak around 26 O, while the 

relatively sharp peak of the original asphaltene around 26 decreased with the addition of KB, 
indicating selective adsorption of the heavier fraction in the asphaltene. 

I 
i 

Figure 6 illustrates the comparison of the adsorption treatments of VR with variable carbon 

adsorbents. The heavier fraction in VR was selectively adsorbed on carbon blacks and mesoporous 

carbons, but never adsorbed onto the microporous activated carbon fibers such as OG-7A and 15A. 

Table 2 also summarizes the adsorbed amount of THF insoluble(THFl) with the metal 

concentrations analyzed by XRF measurements. MA 600 adsorbed the very small amount of THFI 

(0.37 wt%) with the higher concentrations of V(489 ppm) and Ni(187 ppm), although its surface are was 
as low as 1 9  m2/g. Carbon blacks of KB-600JD and BP2000 were also effective for the removal of 

the concentrated heavy fraction from VR, although the adsorbed amount of THFI was relatively higher 
than the other carbon adsorbents. A efficient recovery procedure of the heavier fraction from carbon 

black particles of high surface area should be designed for the application of such adsorbent to the 

upgrading of VR. 

' 

Based on the present study, mesoporous carbon particles can be a candidate for the selective removal 

of metal-containing heavy asphaltene fraction from VR and the regenerative recovery without too strong 
adsorption of the polar and heavier fraction. 
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